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INTRC)I)IJCTION

With the rcccJ)t completion of the Global  Positioniilg  Systcm constc]lation  and the
appearance of increasingly affordable spaceborne receivers, GPS is moving rapidly into
the worJd of space flight projects. lndecd,  owing to the great utility and convenience of
autonomous onboard  positioning, timing, and attitude determination, basic navigation
receivers are coming to bc seen as almost indispensable to future low earth missions.
This cicvclopmcnt  has been expected and awaited since the earliest d:iys of CiPS. Perhaps
more surprising has been the emergence of direct spaceborne (5PS science and the
blossoming of ncw science applications for high pcrfonmmce  gcoclctic  space receivers.

Applications of spaceborne GPS to Earth scicncc include centimeter-level precise orbit
dctcrmi  nation (POD) to support ocean altirmt  ry; 1~.artll gravity model improvement and
other enhmccmcnts  to GPS global geodesy; high resolution 21J and 3D ionospheric
imaging; and atmospheric limb sounding (radio occultation) to reccwcr precise profiles of
atmospheric density, pressure, temperature, and water vapor distribution. Figure 1 offers
a simplified sunmmry of the Earth science now cmcrgillg  from spaceborne CJPS.

Structure & evolutiof
of the deeD interior. ~

density: pre:
plus geopokL.——. -.—.

\ ~fiticture
— .

;sure
mtial

& ev

-1& temp,
height

‘aimj

I —.- ..—.,,
/ l._ . . . . . . . . . . . . -1Atmospheric winds,

waves & turbulence
.-

Fig. 1. Some kcy science applications fcw a spaceborne array of GPS receivers,
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Fig. 2. Key system elements for precise orbit deternliniition  wi(h differential GPS.

The Topcx/Poscidcm  ocean altimetry satellite was launched into a 1300 km orbit on an
Arianc rocket in August of 1992. It carried an cxpcrilncntal  dual-frequency P-code
rcceivcr  bLlilt  by Motorola to test these new tlacking  tcchniclues  [MclboMr~ze  C[ al, 1994].
The Topcx  GPS POD demonstration has now surpassed prc-launch  expectations of 5-
10 cm radial orbit accLlracy  by about a factor of three.

A number of aspects of this experiment are not:iblc: ( 1 ) convcn(ional  dynamic
differential GPS orbit solutions were essential y eqLl ivalcnl  to dynamic solutions obtained
with laser and 1>01<1S  (I)opplcr) tracking dat:i, with radiiil accL1racics  of 3-4 cm RMS
[Schulz et al, 1994]; (2) reduced dynamic orbit solutions, in which the unicjue geometric
strength of GPS data is used to minimiiw  sensitivity to force model errors [ Wu et al,
1991  ] consistcnt]y improved upon dynamic solutions (judged  primarily by altimeter
crossover agrccmcnts)  to yield radial orbit accuracies of 2-3 cm RMS [ Yunck et al, 1994;
Ilcrfi~cr  Cl al, 1994; }Icspcr et al, 1994]; (3) IJniversily  of Texas investigators used GPS
data from ‘1’opcx/Poseidon  to improve the Earth gravit~ model over what had earlier been
achicvcd by tuning with laser :ind DORIS  da[i], lca~iing to significantly reduced
geographically correlated dynamic orbit error [Ih’rfiq( r CI ~11, 1994]; (4) dynamic orbits
with a CiPS-tuncct  gravity mode] surpass those with ii l.i\er/tJt)pplcr-tLllled  model, but fall
short (by -1 cm RMS) of GPS reduced dynalnic  tlrbl(s [ ficrfigcr  c1 al, 1995]; (5) GPS -
bascct orbits of the highest accuracy are now obtalncd  u IIh ii fully aLltomatcd,  unattended
procc.ssing  system; (6) analysis based on Topcx ICSUIIS ~uggcsts that reduced dynamic
orbit accLmlcics  of a fcw centimeters should bc :ic’h  Ic\ .Lt}lc  for future missions at altitudes
b e l o w  S()() km [Me//>ourne  ef al, 1994; Bertitqt’r  (’l II, I w.!]; (7) recent unpublished
results by Ron Muellerschoen at J P]. indicate [h.1( i .tlt’tullv tuned onboard dynamic
filtering could yield real time non-differential t~lt~ll ,t~ L’LIr.IL’IL’S of a fcw meters Lmdcr
nominal lCVCIS of selective availability.

Since the Topcx/Poseidon  receiver cannot deer> IN t Iw } .’(hkS, the. GPS demonstration
has been partially in abeyance since anti-spoofing , .I]]].. w nc.)rly full time in January of
1994. Routine processing continues, howe~cr,  u I(!)  I I f‘ IL XXIC  data, yielding radial
accuracies in the range of 4-5 cm RMS, itself a V)IIWW  11.il ~ilrprisillg  re. sLllt. In the wake
Of the TOpCX SLICCCSS,  GPS-based POD h2iS  tx’c!l .IL\  qJILJ(l !or sc~’cral  fLlture altimetry
missions, incl Ll(iing the lJ. S. Navy’s Ckosat  l:(~ll~)u ( )(). ~~ t~ich tvill carry a Rockwell
MAGR and is slated for a 1996 launch, and the ‘1 iq~. ~ l’1).(.i(i~m  I’ollow-On,  proposed for
laLlnch  later in the decade.













time variation; and (2) pairs of low-orbiting microsats flying in formation on which
modified GPS receivers would make both conventional “high-low” GPS measurements to
observe the long-wavelength gravity components, and Inore prccisc “low-low” satcllite-
satcllite  range and Doppler measurements (with accuracies of -10 p m and -1 pnds) to
observe the shorter wavelength components, up to about  degree and order 80. No such
mission has yet been approved.

Several planned international microsat missions will carry versions of the TurboStar for
atmospheric occultation and gravity modeling. These ilic]ude the IIanish  Orsted and the
South African Sunsat missions, set to be launched together on a I~clta rocket in 1997, and
a possible Brazilian SACI mission in 1998. In addition, a TurboStar  is expected make
occultation observations from the Wakeshield facility, to be deployed and retrieved by
the Space. Shuttle this year; another will bc placed aboal  d the Russian MIR space station
in )997 for a timing experiment in cooperation with the Smithsonian Astrophysical
Observatory. At least a half-dozen other Tw-boStar flights are in the discussion stage.
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Proposed Mission: Twelve  GPS-equipped micro-
-J#’ satellites launched at once into a single orbit plane.

Technology: Precision “GF’S.on-a-chip”; single-
board satellite; auto-nav,  autc)-spacecraft, auto-ops.
Science: Global ciimate  & weather mocieling;  iono-
spheric imaging; longwavelength gravity recovety

Commercial: Worldwide markets in Iobal weather
8data and miniature hiah-mecision  GP recewers. I

Fig. 7. Concept for a pilot constellation of spaceborne GPS reccivcrs for Earth science.

While the individual occultation missions will serve to advance the GPS technology
and validate its capabilities, they will do little for atmospheric science. It is the fervent
hope of the growing GPS occultation community that a small pilot constellation of a
dozen or so microsats  will be sponsored either by gova  nment agencies or by commercial
interests (cyeing  a potential worldwide market in GPS weather products) in the very near
future. One such concept being developed at JPL is shown in Fig. 7. This could be the
prelude to an array of hundreds of tiny, autonomous satellites continuously monitoring
the global atmosphere and ionosphere three-dimension:il]y, with high resolution in space
and time (while also improving the gravity rnodcl), within a dccadc. The results from
GPS/MFT have made the prospect of such a mission tantalizing, and the prospects for its
eventual deployment highly promising.

DISCUSSION

GPS is cprickly achieving a routine presence in space for the basic utility functions of real
time onboard state determination, precise time and l“requcncy  transfer, and moderate
precision attitude determination, and is likely to be the mcthoci of choice for those tasks
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